Chemical context
The structures of binary zinc bis(dithiocarbamates) are always zero-dimensional (i.e. molecular) (Heard, 2005) in contrast to their cadmium (Tan et al., 2016b) and mercury analogues; dithiocarbamate is À S 2 CNRR'. The zinc structures can be mononuclear, distorted tetrahedral as in Zn(S 2 CNCy 2 ) 2 (Cox & Tiekink, 2009) or, far more commonly, binuclear as in the archetypical compound [Zn(S 2 CNEt 2 ) 2 ] 2 , where heavily distorted five-coordinate geometries are found for zinc as two of the ligands are chelating and the others are 2 -tridentate (Bonamico et al., 1965; Tiekink, 2000) , with the adoption of one form over the other often being related to the steric bulk of the R/R 0 groups (Tiekink, 2003) . However, there is no clear-cut delineation between the adoption of one structural motif over the other depending on steric bulk. This is nicely illustrated in the structure of Zn[S 2 CN(i-Bu) 2 ] 2 which ISSN 2056-9890 has equal numbers of both motifs (Ivanov et al., 2005) . A popular process by which structures of greater dimensionality might be formed is by the addition of neutral, potentially bridging ligands. However, in the case of zinc dithiocarbamates, complexation with bidentate ligands usually results in the isolation of zero-dimensional, binuclear molecules, e.g. {Zn[S 2 CN(Me)i-Pr)] 2 } 2 (Me 2 NCH 2 CH 2 NMe 2 ) (Malik et al., 1997) ; [Zn(S 2 CNMe 2 ) 2 ] 2 (4,4 0 -bipyridyl) (Zha et al., 2010) and [Zn(S 2 CNEt 2 ) 2 ] 2 (Ph 2 PCH 2 CH 2 PPh 2 ) (Zeng et al., 1994) . Even when excess base is included in the reaction, e.g. trans-1,2-bis(4-pyridyl)ethylene (bpe), only the zerodimensional binuclear compound is isolated with non-coordinating bpe solvate, i.e. Zn(S 2 CNEt 2 ) 2 ] 2 (bpe)Ábpe (Lai & Tiekink, 2003) . That this reluctance to form coordination polymers is related directly to the nature of the dithiocarbamate ligand is seen in the adoption of zigzag chains in analogous xanthate complexes, e.g. {[Zn(S 2 COR) 2 ] 2 (bpe)} n , for R = Et and n-Bu (Kang et al., 2010) . Steric effects come into play when R = Cy whereby a binuclear species is isolated, i.e. [Zn(S 2 COCy) 2 ] 2 (bpe) (Kang et al., 2010) . This difference in chemistry arises to the significant (40%) contribution of the canonical structure (2-) S 2 CN (+) RR 0 , with two formally negatively charged sulfur atoms, which makes dithiocarbamate a very effective chelating agent, thereby decreasing the Lewis acidity of the zinc atom.
An approach to increase the supramolecular aggregation in the crystal structures of zinc dithiocarbamates has been to introduce hydrogen bonding functionality into the ligands, i.e using dithiocarbamate anions of the type À S 2 CN(R)CH 2 CH 2 OH. This influence is seen in the recent report of the structures of Zn[S 2 CN(R)CH 2 CH 2 OH] 2 (2,2 0 -bipyridyl) for R = i-Pr and CH 2 CH 2 OH (Safbri et al., 2016) . The common feature of these structures along with those of related species with no hydrogen bonding potential, e.g. Zn(S 2 CNMe 2 ) 2 (2,2 0 -bipyridyl) (Manohar et al., 1998) , is the presence of a distorted octahedral N 2 S 4 donor set about the zinc atom. The O-HÁ Á ÁO hydrogen bonding in Zn[S 2 CN(R)CH 2 CH 2 OH] 2 (2,2 0 -bipyridyl), in the case when R = CH 2 CH 2 OH, isolated as a 1:1 hydrate, leads to supramolecular ladders and these extend in two dimensions via water-O-HÁ Á ÁS(dithiocarbamate) hydrogen bonds. When R = i-Pr, layers are sustained by hydroxy-O-HÁ Á ÁS hydrogen bonds (Safbri et al., 2016) . As an extension of these studies, in the present report, Zn(S 2 CNRR 0 ) 2 has been complexed with 3-hydroxypyridine (pyOH) to yield two 1:1 complexes. Quite different aggregation patterns are observed when R = R 0 = Et (I), and R = i-Pr and R 0 = CH 2 CH 2 OH (II). The crystal and molecular structures of (I) and (II) are described herein along with an analysis of their Hirshfeld surfaces.
Structural commentary
Two independent molecules of Zn(S 2 CNEt 2 ) 2 (pyOH) comprise the asymmetric unit of (I), Fig. 1 ; pyOH is The molecular structures of the two independent molecules comprising the asymmetric unit in (I), showing the atom-labelling scheme and displacement ellipsoids at the 70% probability level.
3-hydroxypyridine. For the Zn1-containing molecule, Fig. 1a , the Zn II atom is chelated by two dithiocarbamate ligands and one nitrogen atom derived from the monodentate pyOH ligand. The S1-dithiocarbamate ligand chelates the zinc atom forming quite different Zn-S bond lengths compared with the S3-dithiocarbamate ligand. This is quantified in the values of Á(Zn-S), being the difference between the Zn-S long and Zn-S short bond lengths, Table 1 , i.e. 0.43 and 0.15 Å , respectively. The Zn1-N3 bond length is significantly shorter than the Zn-S bonds. The NS 4 coordination geometry is highly distorted as seen in the value of of 0.48 (Addison et al., 1984) .
This value is almost exactly intermediate between the ideal square pyramidal geometry with = 0.0 and ideal trigonal pyramidal with = 1.0. The acute S-Zn-S chelate angles contribute to this distortion, Table 1 . The widest angles in the coordination geometry are subtended by S s -Zn-S s (s = short) and, especially, the S l -Zn-S l (l = long) bond angles, Table 1 . The coordination geometry for the Zn2 atom, Fig. 1b , is quite similar to that just described for the Zn1 atom. The values of Á(Zn-S) of 0.21 and 0.25 Å are intermediate to those for the Zn1-molecule. Even so, the differences in the Zn-S bond lengths in both molecules are not that great with this observation reflected in the closeness of the C-S bond lengths, Table 1 . The value of for the Zn2-molecule is 0.53, indicating an inclination towards trigonal bipyramidal cf. the Zn1-molecule.
The molecular structure of (II), Zn[S 2 CN(Me)CH 2 -CH 2 OH] 2 (pyOH), is shown in Fig. 2 and selected geometric parameters are included in The molecular structure of (II), showing the atom-labelling scheme and displacement ellipsoids at the 70% probability level. 
Figure 3
Overlay diagrams for the Zn1-and Zn2-molecules in (I) and the molecule in (II) shown as red, green and blue images, respectively: (a) approximately side-on to the pyOH ring and (b) along the N-Zn bond. The molecules are overlapped so that the pyOH rings are coincident.
of the dithiocarbamate ligands in (II) are close to those observed for the Zn1-molecule in (I) with Á(Zn-S) values of 0.42 and 0.19 Å . The difference between (I) and (II) is found in the coordination geometry which is close to square pyramidal in (II), as seen in the value of = 0.16. In this description, the S1-S4 atoms define the basal plane with the r.m.s. deviation being 0.0501 Å . The Zn atom lies 0.7514 (4) Å above the plane in the direction of the N3 atom. The dihedral angle between the chelate rings is 63.81 (15) , an angle significantly greater than for the comparable angles in (I), Table 1 .
Overlay diagrams of the three molecules in (I) and (II) are shown in Fig. 3 . The molecules have been overlapped so that the pyOH rings are coincident. The differences in the conformations of the molecules comprising (I) are clearly seen, and especially between these and the conformation in (II). Such variability in structure reflects the flexibility in the binding modes of the dithiocarbamate ligands leading to quite distinctive coordination geometries.
Supramolecular features
The key feature of the molecular packing of (I) is the formation of hydroxy-O-HÁ Á ÁS(dithiocarbamate) hydrogen bonds that sustain centrosymmetric, dimeric aggregates, via a 14-membered {Á Á ÁHOC 2 NZnS} 2 synthon, Fig. 4a and Table 2 . Additional stabilization to the dimer is provided by an intradimer -interaction between the pyOH rings. The intercentroid distance is 3.5484 (18) Å and the angle of inclination is 3.91 (14) for symmetry operation 1 À x,
The aggregates are further stabilized by pyOH-C-HÁ Á Á interactions where the -system is a chelate ring. Such C-HÁ Á Á(chelate) interactions are increasingly being recognized as being important in the supramolecular chemistry of metal 1,1-dithiolates (Tiekink & Zukerman-Schpector, 2011; Tan et al., 2016a) and, it should be noted, routinely appear in the output from PLATON (Spek, 2009) . Connections between aggregates leading to supramolecular layers in the ab plane are also of the type C-HÁ Á Á(chelate) but with methyl-H atoms as the donors, Fig. 4b . The connections between layers along the c direction are of the type methylene-C-HÁ Á ÁO(hydroxy), Fig. 4c .
The addition of greater hydrogen-bonding potential in (II) results in an infinite chain, Table 3 . There is an hydroxy-O-HÁ Á ÁO(hydroxy) hydrogen bond involving the O2 and O1 atoms as the donor and acceptor, respectively. The O1-hydroxy group forms a hydrogen bond with a dithiocarbamate-S2 atom. As shown by the '1' in Fig. 5a , these hydrogen bonds lead to a centrosymmetric 22-membered {Á Á ÁSZnSCNC 2 OHÁ Á ÁOH} 2 synthon. On either side of these Hydrogen-bond geometry (Å , ) for (I).
Cg1 and Cg2 are the centroids of the (Zn1,S1,S2,C1) and (Zn2,S7,S8,C21) chelate rings, respectively. Table 3 Hydrogen-bond geometry (Å , ) for (II).
Cg1 is the centroid of the (Zn,S3,S4,C5) chelate ring. synthons, the pyOH hydroxy group hydrogen bonds to the O2-hydroxy atom and through symmetry, a centrosymmetric 24-membered {Á Á ÁOC 2 NCSZnNC 2 OH} 2 synthon is formed, highlighted as '2' in Fig. 5a . Alternating synthons generate a supramolecular chain aligned along the c axis. Methylene-C-HÁ Á Á(chelate) interactions link molecules into dimeric units, Fig. 5b . The combination of the aforementioned interactions lead to supramolecular layers that stack along the b axis with no directional interactions between them, Fig. 5c .
Hirshfeld surface analysis
The Hirshfeld surface analysis for (I) and (II) was performed as described recently (Cardoso et al., 2016) . From the views of the Hirshfeld surface mapped over d norm in the range À0.2 to + 1.3 au for the Zn1-and Zn2-containing molecules of (I), Fig. 6 , the presence of bright-red spots near the hydroxy-H1O and -H2O, and dithiocarbamate-S2 and S8 atoms represent the donors and acceptors of the O-HÁ Á ÁS hydrogen bonds; these are viewed as blue and red regions on the Hirshfeld surfaces mapped over electrostatic potential (mapped over the range À0.07 to +0.10 au), Fig. 7 , corresponding to positive and negative potentials, respectively. The faint-red spots appearing near the hydroxy-O2 and methyl-C19 atoms in Fig. 6b and 6c are due to comparatively weaker intermolecular C-HÁ Á ÁO interactions. The intra-dimer -stacking interaction between the pyOH rings, Fig. 4a , is evident through the appearance of faint-red spots near the arene-C13 and C26 atoms of the rings, Fig. 6a and 6b, forming a close interatomic CÁ Á ÁC contact, Table 4 . The diminutive-red spots near the pyOH-H13 and -H28 and dithiocarbamate-C21 atoms, Fig Summary of short interatomic contacts (Å ) in (I) and (II).
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Figure 7
Views of the Hirshfeld surfaces mapped over electrostatic potential for (I): (a) Zn1-molecule and (b) Zn2-molecule. immediate environments around reference molecules showing above intermolecular interactions are illustrated in Fig. 8 . The presence of peripheral hydroxy groups participating in the O-HÁ Á ÁO hydrogen bonds in the structure of (II) result in the distinct bright-red spots near the respective donors and acceptor atoms on the Hirshfeld surface mapped over d norm , Fig. 9a and 9b, and result in the blue and red regions corresponding to positive and negative potential on the Hirshfeld surface mapped over electrostatic potential (mapped over the range À0.12 to +0.18 au), Fig. 9c . The faint-red spots near the S4, C8, C9 and H2B atoms in Fig. 9a and 9b indicate their involvement in short interatomic SÁ Á ÁS, CÁ Á ÁC and CÁ Á ÁH/ HÁ Á ÁC contacts, Table 4 . Fig. 10a illustrates the immediate environment about a reference molecule within Hirshfeld surfaces mapped over electrostatic potential and highlights the O-HÁ Á ÁO hydrogen bonds. The C-HÁ Á Á(chelate) and its reciprocal contact, i.e. -HÁ Á ÁC, and short interatomic SÁ Á ÁS, CÁ Á ÁC and CÁ Á ÁH/HÁ Á ÁC contacts, with labels 3-6, are shown in Fig. 10b .
The overall two-dimensional fingerprint plot for individual Zn1-and Zn2-containing molecules, overall (I) and (II) are illustrated in Fig. 11a . The respective plots delineated into HÁ Á ÁH, OÁ Á ÁH/HÁ Á ÁO, SÁ Á ÁH/HÁ Á ÁS, CÁ Á ÁH/HÁ Á ÁC, CÁ Á ÁC and SÁ Á ÁS contacts (McKinnon et al., 2007) are shown in Fig. 11b -g, respectively; the relative contributions from different contacts to the Hirshfeld surfaces of (I) and (II) are summarized in Table 5 . Table 5 , confirm their distinct chemical environments. The overall plot is the superimposition of these individual plots with a pair of small peaks, at (d e , d i ) distances shorter than their van der Waals separations, corresponding to short interatomic HÁ Á ÁH contacts, Table 4 , between the hydrogen atoms of the Zn1-molecule.
The fingerprint plots delineated into OÁ Á ÁH/HÁ Á ÁO contacts, Fig. 11c , also exhibit slightly different profiles for the independent molecules. The respective peaks at d e + d i $ 2.7 Å and $ 2.6 Å correspond to donors (upper region) and the acceptors (lower region) for the Zn1-molecule, whereas these appear as a pair of peaks at the same d e + d i $ 2.6 Å distance for the Zn2-molecule. This is likely due to the interacting oxygen and hydrogen atoms for the Zn1-molecule being at their van der Waals separation in the donor region, i.e. at 2.72 Å , while in the acceptor region the peak corresponds to a short interatomic OÁ Á ÁH contact, Table 4. In the plot for the Zn2-molecule, this contact gives rise to the pair of peaks at d e + d i $ 2.6 Å .
The pair of spikes with their tips at different d e + d i distances in the fingerprint plots delineated into SÁ Á ÁH/HÁ Á ÁS contacts, Fig. 11d , for the Zn1-and Zn2-molecules result from different hydroxy-O-HÁ Á ÁS(dithiocarbamate) hydrogen bonds. The tips at d e + d i $ 2.4 Å in the donor region of the plot for the Zn1-molecule and in the acceptor region for the Zn2-molecule are due to the formation of O-HÁ Á ÁS hydrogen bonds between the hydroxy-O1 and dithiocarbamate-S8 atoms; the other hydrogen bond, involving the O2 and S2 atoms, gives rise to tips at d e + d i $ 2.3 Å in the respective donor and acceptor regions of the plots, Fig. 11d . The plot for the overall structure results from the superimposition of individual plots and shows the symmetric distribution of points as a pair of long spikes having tips at d e + d i $ 2.3 Å . The short interatomic SÁ Á ÁH/HÁ Á ÁS contacts in the crystal of (I), Table 4 , appear as a pair of aligned green points beginning at d e + d i $ 3.0 Å in the respective plots.
Almost the same percentage contribution from CÁ Á ÁH/ HÁ Á ÁC contacts to the overall surface is made by the Zn1-and Zn2-molecules, Table 5 , and the respective fingerprint plots, Fig. 11e , have the same shape with tips at d e + d i $ 2.7 Å which are due to the short interatomic CÁ Á ÁH/HÁ Á ÁC contacts, Table 4 , involving the atoms forming the C-HÁ Á Á(chelate) interactions; the points corresponding to the other short CÁ Á ÁH/HÁ Á ÁC contacts are within the plot. The CÁ Á ÁC contacts assigned to intra-dimer -stacking interactions between pyOH-rings have a small, i.e. 1.8%, but recognizable contribution to the Hirshfeld surface and appear as an arrow-like distribution of points around d e = d i = 1.8 Å in Fig. 11f . As indicated in Fig. 11g , SÁ Á ÁS contacts do not figure prominently in the molecular packing of (I).
The corresponding two-dimensional fingerprint plots for (II) are also given in Fig. 11 . In the fingerprint plots delineated into HÁ Á ÁH contacts, Fig. 11b, a bond between the pyOH-O3 and hydroxy-O2 atoms results in a short interatomic HÁ Á ÁH contact between the H2O and H3O atoms, Table 4 . The increase in the percentage contribution from OÁ Á ÁH/HÁ Á ÁO contacts to the Hirshfeld surface and the corresponding decrease in the contribution from HÁ Á ÁH contacts in (II), cf. (I), Table 5 , is due to the presence of dominating O-HÁ Á ÁO hydrogen bonds in the crystal of (II) and is characterized as a pair of long spikes terminating at d e + d i $ 1.8 Å , Fig. 11c . The tips corresponding to the O1Á Á ÁH6A contact, Table 4 , are diminished within the long spikes corresponding to dominant O-HÁ Á ÁO hydrogen bonds. The SÁ Á ÁH/HÁ Á ÁS contacts with the nearly same contribution to the surface of (II) as for (I), i.e. 22.2 and 22.7%, respectively, reflect the O-HÁ Á ÁS hydrogen bonds and additional SÁ Á ÁH contacts resulting in tips at d e + d i $ 2.9 Å in Fig. 11d and Table 4 . The 12.3% contribution from CÁ Á ÁH/ HÁ Á ÁC contacts to the surface with the tips at d e + d i $ 2.6 Å in the plot, Fig. 11e , results from the C-HÁ Á Á(chelate) and short interatomic CÁ Á ÁH/HÁ Á ÁC contacts, Table 4 . The presence of C-HÁ Á Á(chelate) interactions is also indicated by the short interatomic ZnÁ Á ÁH/HÁ Á ÁZn contacts summarized in Table 4 . The presence of short interatomic CÁ Á ÁC contacts between symmetry-related methyl-C8 atoms is identified in the respective plot, Fig. 11f , as the pair of tips at d e + d i $1.7 Å . Finally, a cone-shaped distribution of points with a 3.8% contribution to the surface from SÁ Á ÁS contacts having a vertex at d e = d i $ 1.7 Å in the fingerprint plot, Fig. 11g , results from short interatomic contacts between S4 atoms, Table 4 ; the absence of analogous contacts in (I) results in a very low percentage contribution to its surface (see above).
Database survey
As alluded to in the Chemical context, the presence of hydroxyethyl groups in zinc dithiocarbamates leads to a higher degree of recognizable supramolecular aggregation owing to hydrogen bonding, usually of the type hydroxy-O-HÁ Á ÁO(hydroxy) but, sometimes also of the type hydroxy-O-HÁ Á ÁS(dithiocarbamate) (Tan et al., 2013; Jamaludin et al., 2016) . The following is a brief overview of some previous structures with ethylhydroxydithiocarbamate ligands highlighting the important role of hydrogen bonding in the supramolecular aggregation. In the what might be termed the parent binary compound, i.e. {Zn[S 2 CN(CH 2 CH 2 OH) 2 ] 2 } 2 , the usual dimeric motif is evident but these self-assemble via strong hydrogen bonding into three-dimensional architectures in both of the polymorphs characterized thus far, with the difference between the structures being the topology of supramolecular layers, i.e. flattened (Manohar et al., 1998) and undulating (Benson et al., 2007) . When one ethylhydroxy group is replaced by an ethyl group, as in {Zn[S 2 CN(Et)CH 2 CH 2 OH] 2 } 2 , the reduced hydrogen bonding leads to supramolecular chains (Benson et al., 2007) . Bridging ligands lead to zero-dimensional aggregates, e.g.
However, Tiekink, 2008) . The interesting structural chemistry is complimented by observations that some of these compounds exhibit exciting, cell-specific, anti-cancer potential (Tan et al., 2015) . The foregoing suggests this is a fertile area of research, well deserving of continuing attention.
Synthesis and crystallization
Synthesis of (I): In a 2:1:0.5 molar ratio, Zn(S 2 CNEt 2 ) 2 , N,N 0 -bis(pyridin-3-ylmethyl)ethanedithiodiamide (ZukermanSchpector et al., 2015) and 3-hydroxy pyridine were dissolved in chloroform. Solvent diffusion of hexane into this solution produced pink crystals. FT-IR (cm 
Refinement details
Crystal data, data collection and structure refinement details are summarized in Table 6 . The carbon-bound H-atoms were placed in calculated positions (C-H = 0.95-0.99 Å ) and were included in the refinement in the riding-model approximation, with U iso (H) set to 1.2-1.5U eq (C). The oxygen-bound H-atoms were located in difference Fourier maps but were refined with a distance restraint of O-H = 0.84AE0.01 Å , and with U iso (H) set to 1.5U eq (O). (Sheldrick, 2015) . Molecular graphics: ORTEP-3 for Windows (Farrugia, 2012) , QMol (Gans & Shalloway, 2001) , DIAMOND (Brandenburg, 2006) (Farrugia, 2012) and DIAMOND (Brandenburg, 2006) for (II). For both compounds, software used to prepare material for publication:
for (I); ORTEP-3 for Windows
publCIF (Westrip, 2010) . Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Symmetry codes: (i) −x+1, −y+1, −z; (ii) −x+1, −y+1, −z+1; (iii) −x+2, −y+1, −z.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

